The Applied Economics Office (AEO) of the Engineering Laboratory (EL) at the National Institute of Standards and Technology (NIST) has developed the Building Industry Reporting and Design for Sustainability (BIRDS) database, which estimates the sustainability (energy, economic, and environmental) performance for eleven commercial building prototypes designed to different energy efficiency levels. Analysis of the BIRDS database estimates both the average percentage change in energy consumption and the aggregate changes in energy consumption for one year's worth of new construction for each U.S. state. Due to the limited publically-available new construction data, the estimates are calculated by giving equal weighting to all the cities in a state that are included in the BIRDS database. However, such an approach leads to underweighting the importance of cities with more new construction and overweighting cities with less new construction.
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Introduction
Energy efficiency requirements in current energy codes for commercial buildings vary across states, and many states have not yet adopted the latest editions of American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) Standard 90.1, which is the industry consensus standard to establish the minimum energy-efficient requirements of commercial and non-low-rise residential buildings. Some states do not have a code requirement for energy efficiency, leaving it up to the locality or jurisdiction to set its own requirement. There may be significant energy savings to be realized by states if they were to adopt more recent editions of the commercial building energy standards.
The Applied Economics Office (AEO) of the Engineering Laboratory (EL) at the National Institute of Standards and Technology (NIST) has developed the Building Industry Reporting and Design for Sustainability (BIRDS) database, which estimates the sustainability (energy, economic, and environmental) performance for eleven commercial building prototypes designed to different energy efficiency levels.
1 The analysis in Kneifel (2013a Kneifel ( , 2013b Kneifel ( , 2013c Kneifel ( , 2013d uses the BIRDS database to estimate both the average percentage change in energy consumption and the aggregate changes in energy consumption for one year's worth of construction for each U.S. state. Due to the limited publically-available new construction data, the estimates are calculated by giving equal weighting to all the cities in a state that are included in the BIRDS database. However, such an approach leads to underweighting the importance of cities with more new construction and overweighting cities with less new construction.
The purpose of this study is to explore the impact of implementing a non-equal weighting approach on state-level energy consumption impacts of adopting a more restrictive state energy code. New construction floor area completion data from 1970 to 2012 was obtained from McGraw-Hill Dodge Construction database (2013) for each county in the United States to assist in increasing the accuracy of these impact estimates. Each county is associated with one of the 228 cities in the BIRDS database, creating a "cluster" of counties that use the average performance of each building type for the associated city to estimate the impacts of adopting a more stringent state energy code.
City Average Approach
The calculations used in previous analyses of the BIRDS database were twofold: (1) average percentage change in annual energy consumption in a state and by building in a state and (2) aggregate change in annual energy consumption in a state. They were calculated using a city average approach, detailed below.
The average percentage change in annual energy consumption in a state is estimated using what will we have defined as the city average approach (CAA) as:
where E Pct,j = weighted-average percentage change in energy consumption for state j, E Pct,jik = percentage change in energy consumption for city k for building type i for state j, I p = number of prototype building types, B = set of prototype building types, and K j = number of cities in state j. This is mathematically equivalent to the following, which is the calculation implemented to calculate the results and allows for direct comparisons across approaches:
(2) , = 1, * ∑ ∑ , , and
The approach leads to equal weighting for each city and building type.
The average percentage change in annual energy consumption in a state by building type is estimated using the city average approach as: Again, an equal weighting structure results.
The aggregate change in annual energy consumption in a state is estimated using the city average approach as: This is mathematically equivalent to the following: The aggregate change in annual energy consumption in a state by building type is estimated using the city average approach as:
As is shown in Formula (6), the aggregate approach, implemented in previous analyses of the BIRDS database, estimates energy consumption savings that result from adoption of more stringent state energy codes. This approach uses new construction data aggregated at the state level. Jarnagin and Bandyopadhyay (2010) The types and floor area of buildings being constructed vary across states. Table A-2, Table A-3,  and Table A -4 in the Appendix report new building construction for 2003 through 2007 by building type and state, in total square meters, total square feet, and percentage terms, respectively. Previous studies used these data to aggregate the total savings for the new construction in the CBECS categories represented by the eleven prototype buildings. Nine of the eleven prototype commercial buildings analyzed in this study are covered by data reported in Table 2 This analysis approach has its limitations. Each city is weighted equally even though variation in new construction across cities could be significant, leading to overweighting cities with little to no new construction and underweighting cities with greater new construction. Additionally, the publically available construction data covers a time period ( 
City Cluster Weighting Approach
In order to address the limitations of the previous approach, a more detailed new-construction database was obtained from McGraw-Hill Dodge Construction, which includes the amount of new floor area for each county in the United States for 1 for the 2012 calendar year. 3 The BIRDS database results are for 228 cities across the United States, and in order to associate these city data with the county construction data it is necessary to determine which city results should be used for each county.
The approach implemented in this study to map the city-level and county-level data is referred to as "clustering," where "clusters" of counties are mapped to a particular city. In this study, a county is matched to the closest city in its state based on distance to the city from the centroid (geometric center of a two-dimensional region) of the county within the same climate zone. If there is not a city located in the same climate zone within the state, then the closet city located within the same state is selected. Of the 3140 counties, 2911 counties are matched to a city within the same climate zone while 229 are matched to a city not within the same climate zone. Three county-cluster-based weights are used to produce (1) the weighted-average percentage change in energy consumption by state, (2) the weighted-average percentage change in energy consumption by state/building type combination, (3) the aggregate change in energy consumption by state, and (4) the aggregate change in energy consumption by state/building type combination.
The average percentage change in annual energy consumption in a state is estimated using the city county cluster approach (CWA) as: The average percentage change in annual energy consumption in a state by building type is estimated using the city-county-cluster approach as: The aggregate change in annual energy consumption in a state is estimated using the citycounty-cluster approach as: The change per unit of floor area for building type i in city-county-cluster k ( , ) multiplied by its weight, and then summed over all city-county-clusters and building prototypes is the average percentage change for the state ( , ).
The aggregate change in annual energy consumption in a state by building type is estimated using the city-county-cluster approach as:
The weight is the amount of newly constructed floor area by state, cluster, and building type combination.
The crosswalk between the building types in the BIRDS database and the McGraw-Hill Dodge Construction project type is shown in Table 3 -1. . As a result, the previous approach would lead to under/overweighting by a factor of ten, muting any differences in energy savings across cities.
Figure 3-2 New Floor Area by State and County Cluster
This clustering approach leads to more accurate estimates than the previous approach by controlling for both the variation in building performance across a state due to weather as well as the amount of new construction for each building type for each location considered in this study. Additionally, the more recent new construction data (2012) is more representative of current and near-future construction volume because the data is post-recession and less than two years old.
Energy Consumption Savings Comparison
In this chapter, the impact of a nationwide adoption of the LEC design as a state's energy code is estimated using the two approaches defined in Section 2 and Section 3 for new construction in 2012. Results are first analyzed in detail for a single state (New York) to show how differences in the amount of new construction across city clusters will impact the magnitude of the energy consumption savings realized by adopting the LEC design as a state's energy code. These results are then calculated and compared for all states in the nation. Finally, the aggregate results are analyzed at the Census region and national level.
Detailed Impacts for New York State
The amount of new floor area constructed in New York in 2012 was 5.0 million m 2 (53.4 million ft 2 ). The city average approach calculates the average change in energy consumption per unit of floor area for all cities for each building type, and associates statewide newly constructed floor area to each building type. The city cluster approach uses the same amount of new construction, but each city cluster is weighted based on its associated amount of construction for each building type. Table 4 -1 shows the percentage change in energy consumption and aggregate change in energy consumption for New York State for each weighting approach. The city cluster weighting approach leads to a 1.7 percentage point decrease (11.8 % versus 13.5 %) in the average annual percentage reduction in energy consumption relative to the city average approach. The impact varies across building types due to different types of buildings being constructed in different locations of the state. The greatest difference occurs for the 16-story office building (6.6 %) and 15-story hotel (4.9 %). The aggregate change in energy consumption is shown to vary across the two weighting approaches. Based on the City Average Approach approach, the estimated yearly energy consumption savings for the prototypical buildings in New York over a 10-year study period is 123 213 GWh. Based on the city cluster approach, the estimated energy consumption savings is 128 000 GWh.
Aggregate Impacts
The total change in energy consumption by state based on the amount of construction in 2012, for each of the weighting approaches, is presented in Table 4 -2. Averaged over all states, the city average weighting approach results in smaller savings, per state, than does the cluster weighting approach (average of 360 GWh). However, the effects are not consistent. For 19 states, the savings are smaller using the city average approach, with Arizona experiencing the largest total difference. For 26 states, the savings are larger using the cluster approach, with Florida showing the largest total difference. For five states, the city average and clustering approach produce identical results because there is only one city for each of those states, in which case there are not multiple cities for which to weight. The difference in nationwide aggregate savings is 17 985 GWh, or 0.3 % of total nationwide aggregate savings. Figure 4 -2 shows that the state-level results for the city cluster approach are relatively similar to the results using the city average approach. The energy consumption changes by 2.5 % or less for 31 states (62 %) and 5.0 % or less for 41 states (82 %). Using the city cluster approach leads to energy consumption changes greater than 10 % for only three states (Alaska, Montana, and Maine). All three states have relatively small amounts of new construction, which can cause small changes in magnitude to be large percentages. This study explores the importance of increased precision in the construction data used to estimate the state-level impacts of more stringent energy efficiency requirements in newly constructed commercial buildings based on the BIRDS database. Newly constructed floor area data for 2012 was obtained for each county in the United States to assist in increasing the accuracy of these impact estimates relative to state-level construction data. Each county is associated with one of the 228 cities in the BIRDS database, creating a "cluster" of counties that use the average performance for each building type for the associated city to estimate the impacts of adopting a more stringent state energy code.
Analysis
A number of key results have been identified from the analysis in this study. For many states, the amount of new construction by city cluster varies significantly. For example, new construction is over three times greater in the New York City cluster than most of the other city clusters in the State of New York. As a result, there is potential that more detailed construction data could lead to significant impacts on the estimated energy savings. The state average percentage reduction in energy use from adopting the Low Energy Case (LEC) as New York's state energy code for a given building type can be significantly different depending on the weighting approach used in the analysis, ranging from 0.3 percentage points to 6.6 percentage points, with an average of 1.7 percentage points (11.8 % using the city average approach versus 13.5 % using the city cluster weighting approach). Similarly, using the city cluster weighting approach, the aggregate energy savings for a given building type varies by 0.3 % to 34.4 % relative to the simple average approach with the total aggregate savings for all building types in the state varying by 3.7 %. At the building level, aggregate results can vary significantly while at the state level, it appears that the results are relatively similar. More precise construction data can increase the accuracy of the results, but the relative magnitude of the results is similar.
The city cluster weighting approach leads to 19 states realizing smaller savings and 26 states realizing larger savings relative to the city average approach. Five states realize identical results because there is only one city for each of those states in the BIRDS database, in which case there are not multiple cities for which to weight. Since states are split between realizing smaller and larger estimated savings, the difference in nationwide aggregate savings is small at 0.3 % of the total nationwide aggregate savings.
The state-level results for the city cluster approach are relatively similar to the results using the city average approach. The energy consumption changes by 2.5 % or less for 31 states (62 %) and 5.0 % or less for 41 states (82 %). Using the city cluster approach leads to greater than 10 % for only three states (Alaska, Montana, and Maine). All three states have relatively small amounts of new construction, which can cause small changes in magnitude to be large changes in percentage terms.
Limitations and Future Research
This study attempts to improve upon the analysis approach from previous research using the BIRDS database. Based on the results, it appears that the accuracy of the energy savings estimates are impacted by the weighting approach used in the analysis. The city cluster approach described in this study alleviates some of the inherent issues/problems created in using the equal weighting approach. However, there are still aspects of this approach that can be improved upon to increase the accuracy of the results.
First, the current cluster approach restricted clustering across state borders even though the closest city may be in a bordering state. An example of this can be seen in Figure 5 -1, where the counties within Kentucky and the surrounding states are mapped to a city that is often much further away than a city in another state. As a result, the climatic and economic conditions for those counties may not be matched to the optimal (i.e., most representative) city in the database.
Figure 5-1 City Clusters -Kentucky and Surrounding States
The reason for the state border restriction was because the results from the BIRDS database used for this study are based on comparison of the LEC design to each state's energy code as of December 2011, which may vary across states. Future work should use the results in the BIRDS database to match each county with the closest city regardless of state, but use the results for the standard edition that meets the county's state energy code. For example, the counties on the northern border of western Kentucky will be matched to the energy performance of buildings located in Evansville, Indiana instead of Louisville, Kentucky while using the building designs that meet Kentucky's state energy code. Second, the results are estimated using the current eleven building types in the BIRDS database and the new construction data associated with those building types. The results are then extrapolated to the entire new building stock. Future research should incorporate additional building types into the BIRDS database to increase the fraction of building stock directly accounted for in BIRDS, which will increase the accuracy of the estimated impacts.
Third, the analysis in this study updates the impact estimates for energy consumption savings. The same city cluster weighting approach should be applied to the other sustainability metrics included in the BIRDS database: energy costs, life-cycle costs, and the twelve environmental impact categories.
Finally, future research should test the sensitivity of the sustainability performance results to other underlying assumptions in the analysis approach for which city and/or county level data may be available. For example, electricity prices can vary significantly across cities in a state. Doing so should further increase the accuracy of the results.
A Building Type, New Construction, and Energy Savings 
